tasks are now accomplished by groups of people who meet only occasionally but interact frequently through media, such as e-mail, faxes, or groupware.
Earlier research has attempted to address some of the issues surrounding distributed groups (e.g., Hiltz, Johnson, & Turoff, 1986) . These studies typically have considered situations in which the group is fully distributed, that is, all group members are located in different geographic locations. An increasingly common variation of this theme includes some members of a group being in the same location (co-located), whereas one or more members are located remotely from the rest of the group. Thus, individuals who may have additional expertise, or who simply choose to telecommute, can participate in a group project. Interaction between the remote participant and the co-located members may be supported by computer communication, audio-conferencing, or even videoconferencing. A partially distributed configuration is likely to create different group dynamics and outcomes than either fully co-located or fully distributed groups.
Partially distributed groups can differ from fully co-located or fully distributed groups in at least two ways. First, in a partially distributed group, as a consequence of his or her isolation, the remote member may feel differently about the group, its process, and its products than the other group members. Second, in the same group, there occurs face-to-face interaction (among only the co-located members) as well as mediated interaction (between the remote and co-located members). As we will explain later, this affords an opportunity for the co-located members to form a cohesive subgroup, with the potential of making the remote participant a marginal member of the group. Electronic meeting support (EMS) research has yet to examine these issues.
Research on distributed groups generally has been of two types: that which compares media used for real-time interactions (video, audio, face-to-face) or that which compares media used for real-time and asynchronous interaction (e-mail, computer conferencing, group support systems, etc.). Thus, although there has been considerable research about media differences, few studies have considered the potential effects of combining computer-mediated work with audio-or video-conferencing, although such configurations (e.g., commercial desktop video-conferencing) are possible and could well become prevalent.
Distributed-group studies typically have compared the effects of one medium with that of another (e.g., Chidambaram, Bostrom, & Wynne, 1990 -1991 Kraut, Galegher, Fish, & Chalfonte, 1992) . However, the increasing sophistication and availability of a variety of technologies (e.g., groupware, ISDN, and Internet telephony) imply that users are not likely to be constrained to using only one medium in the course of a project. Rather, groups are likely to learn to use one or more media at various times, depending on interaction requirements and other factors, such as cost, availability, and convenience.
This study conducted an exploratory examination of the following issues among members of partially distributed work groups: (a) How do different media (such as video-or audio-conferencing in addition to computer support) influence the perceptions and the performance of the group? (b) How do perceptions of the media change over time? and (c) How do perceptions of the remote participants differ from those of their co-located counterparts? Thus, this study extends current EMS research by examining partially distributed groups, interacting over time, using computer-support augmented with audio-support, video-support, or both.
THEORY AND HYPOTHESES
To be specific, this study tests two sets of hypotheses regarding, 1. Perceptions: (a) the effect of media on the perceptions of the entire group, (b) the effect of time on the perceptions of the entire group, and (c) comparison of perceptions of co-located and remote participants. 2. Performance of the entire group.
A number of empirical and theoretical works relevant to this study are presented in the next section.
PERCEPTIONS OF THE ENTIRE GROUP

Media Effects
Interaction environments vary in social presence largely as a function of the capacity of the environment to carry various types of cues (Short, Williams, & Christie, 1976) . Social presence refers to the degree of salience of the other person in an interaction and the salience of the interpersonal relationship generated by that interaction. Typically, social presence is measured as the perceptions people have about their discussions and their relationships to the persons with whom they are communicating (Kraut et al., 1992) . Media richness theory also argues that environments differ in cuecarrying capacity (e.g., Daft & Lengel, 1986; Trevino, Daft, & Lengel, 1990) . Thus, face-to-face interaction exhibits more social presence and is a "richer" medium than distributed, computersupported interaction (Sproull & Kiesler, 1986) . A large body of literature (e.g., Johansen, Vallee, & Spangler, 1979; Mosier & Tammaro, 1994) exists confirming the differences among video-, audio-, and computer-conferencing when used separately. These studies suggest that, because the visual environment allows the conveyance of many more types of cues, video-conferencing is therefore richer and exhibits greater social presence than audioand computer-conferencing. Similar to this, audio-conferencing can be considered richer than computer-conferencing, because it permits more channels of communication.
Most early research examined either video-conferencing (e.g., Mosier & Tammaro, 1994) , audio-conferencing (see, for example, a number of studies done by the Communication Studies Group in England in the 1970s) or computer-conferencing (e.g., Hiltz et al., 1986) . These studies examined media, sometimes individually, sometimes relative to each other, but typically without combining them for task-related processes. Augmenting either video-or audioconferencing with computer support complicates assessment of the 456 SMALL GROUP RESEARCH / August 1999 environment, but it more accurately reflects the type of configuration likely to be found in organizations with the advent of desktop video-conferencing and computer application sharing.
Media richness theory, when applied to the use of a single medium, generally has been supported. In a study by Kinney and Dennis (1994) , face-to-face dyads perceived greater media richness than geographically distributed ones. Also, geographically distributed dyads meeting at the same time reported richer media than asynchronous ones. In the same study, social presence was higher in face-to-face dyads, although distributed asynchronous and synchronous modes, surprisingly, did not differ in social presence. Valacich, Mennecke, Wachter, and Wheeler (1994) also found support for media richness theory when face-to-face dyads reported greater media richness and exhibited better performance than groups using computer-mediated communication (CMC).
Recently, several studies have investigated the interaction of several modes of conferencing in combination. One way to augment either face-to-face, video-, or audio-conferencing is by adding computer support. Computer support might consist of simple e-mail. It might also include more extensive interaction support like computer conferencing or even, as in the current study, electronically shared workspaces (e.g., shared text editors, applicationsharing utilities, etc.). For instance, Chidambaram and Jones (1993) found that adding computer support decreased social presence among face-to-face groups, whereas it increased perceptions of communication effectiveness in distributed groups using audioconferencing. Thus, the addition of computer support appears to have a differential effect on people using different media. Another study by Dufner, Hiltz, and Turoff (1994) found that higher levels of computer support were associated with greater flexibility and personalness. Users also perceived the computer-supported medium as richer and, thus, more effective for discussion. It may be that for distributed groups using audio-conferencing, the ability to share information through the computer has a strong positive effect on media richness but that face-to-face groups find it reduces social presence by substituting computer-mediated communication for the richer oral communication. Perhaps most important, however, is that the above studies did not consider the effect on users'perceptions of combining video-conferencing with computer support but, instead, contrasted computer-supported audio-conferencing and face-to-face groups.
Video-conferencing and audio-conferencing are relatively close to each other on the richness continuum, hence there is less contrast between them than there is between face-to-face and e-mail, for instance. Nonetheless, comparing the two is appropriate for several reasons. First, both media are in widespread use. Obviously audioconferencing is more frequently used than video-conferencing. But, video-conferencing is becoming an increasingly popular mode of interaction. Second, there is a large difference between them in cost, making the decision to use one instead of the other often an economic one rather than one of enhancing either productivity or effectiveness. Thus, it is important to determine whether the economic differences reflect corresponding differences in group performance.
Existing research and theory lead us to conclude that, in this study as in others, video-conferencing alone will generate perceptions of more social presence than audio-conferencing alone. In the early phases of interaction, differences are likely to be more apparent than in later phases after users have had time to learn and become familiar with the medium. Although adding computer support to both of these media may moderate the differences between audio and video groups, we hypothesize the following:
Hypothesis 1a: Computer-supported groups using video-conferencing will report more social presence in the beginning than computersupported groups using audio-conferencing.
Communication is a significant dimension of group development (e.g., Daft, Lengel, & Trevino, 1987; McGrath, 1984) and requires a shared contextual understanding among participants (Walther, 1992) . It follows that, in an environment in which the capability of the medium falls short of what the task requires, perceptions about communication effectiveness are likely to decrease. For instance, media richness theory predicts that leaner media are 458 SMALL GROUP RESEARCH / August 1999 less effective for ambiguous tasks. Kraut et al. (1992) argue that collaborative writing tasks-like the one used in the present study-require considerable social interaction to establish shared achievement goals, divide tasks according to fairness and individual skills, and establish authority within the group. Such planningoriented activities are equivocal, because they can result in a number of different approaches to the writing task itself. Similar to this, ongoing maintenance in collaborative writing groups requires continued interaction to evaluate, clarify, and justify additions and revisions. Thus, planning-and revising-type activities in collaborative writing need to be supported with richer media (Kraut et al., 1992) .
Richer media permit more channels of communication and, hence, allow more accurate and meaningful transmission of ideas. In a situation in which relatively continuous interaction is required to maintain coherence of the document, effective communication also can be expected to depend on the speed of exchange and the accessibility of the medium. A medium perceived as slow, difficult to access, and not pleasant to use would likely be considered ineffective when numerous exchanges are required in a short period of time. Once again, as time passes, other factors may well alter people's usages and perceptions. Our first two hypotheses, however, are concerned only with initial perceptions. Chidambaram and Jones (1993) found that adding computer support improved perceptions of communication effectiveness in dispersed groups using audio-conferencing but did not change perceptions for face-to-face groups. In other words, in relatively leaner media conditions, adding computer support enhances communication effectiveness.
Due to the need to reduce equivocality during planning activities and the need for continuous interaction during writing and revision in a collaborative writing task, we expect that video-conferencing will be perceived as being more effective than audio-conferencing in partially distributed groups. Moreover, we expect this to maintain even when computer support is provided for video-and audiosupported groups. The scales measuring social presence and communication effectiveness are presented in Appendix C.
Hypothesis 1b:
Computer-supported groups using video-conferencing will report more effective communication in the beginning than computer-supported groups using audio-conferencing.
Time Effects
Researchers have argued that most prior work considers processes and attitudes for one-time meetings (e.g., Walther, 1992) . Many real-life group activities, however, occur over multiple sessions. Thus, another important contribution of this study is that it examines attitudes and any changes they may undergo over time. Experience indicates that it is reasonable to expect people's uses of a technology to change as time passes and as they become more familiar and experienced with its properties and potential capabilities. As users' comfort level with a technology increases, attitudes toward the technology are also likely to change. To understand the nature of attitudinal change over time, the present study measured perceptions at the end of each of three sessions.
In the early stages of using a medium, interaction is likely to be straightforward as users learn the basics about media characteristics. In these as-yet-unfamiliar settings, perceptions of the medium are likely to be rather poor. Poole and DeSanctis (1990) theorize that repeated use of a technology allows the users to change the nature of the technology. As interaction continues and users learn about, adjust to, and gain more utility from the characteristics of the medium, their perceptions will improve as well. People may, in fact, experiment with the medium to use it in ways for which it was not intentionally designed. In other words, rather than adapting user behaviors to specific characteristics or limitations of the medium, users may adapt the medium to suit their requirements. Walther (1992) suggests that although it takes longer in communication via lean media than via rich media, over time computermediated communication permits the generation of a cumulative shared context, thus permitting the development of effective communication and relationships. In essence, perceptions of social presence and communication effectiveness should improve over time.
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Hypothesis 2a: Perceived social presence will increase over time for all groups. Hypothesis 2b: Perceived communication effectiveness will increase over time for all groups.
Time and Media Interaction Effects
Although previous research leads us to hypothesize that social presence and communication effectiveness will increase over time, it tells us little about how the rate of change will differ given various media. One argument is that those using leaner media, precisely because of the deficiencies in social presence and communication effectiveness they experience, will try harder to adapt their usages to enhance both. Thus, they are likely to experience greater increases in social presence and communication effectiveness than those using richer media. There is, however, no evidence to suggest such a pattern. Although it is difficult to predict which media will result in larger increases, the rationale presented herein suggests that media may generate differences over time. Due to the somewhat exploratory nature of this study for several of the issues of concern, we hypothesize that, Hypothesis 3a: Perceived social presence will increase at a different rate for video-conferencing groups than for audio-conferencing groups. Hypothesis 3b: Perceived communication effectiveness will increase at a different rate for video-conferencing groups than for audioconferencing groups.
COMPARISON OF CO-LOCATED AND REMOTE PARTICIPANTS Location Effects
We argued earlier that co-located group members have a complex interaction environment. For instance, they interact face-toface with other co-located members but via electronic media with the remote individuals. Because there are more co-located members than remote ones in this study, there is a high likelihood that the majority of interaction-especially for co-located members-will be face to face. In contrast, the remote individual has only one mode of interaction. Remote perceptions will be influenced primarily by the structural limitations of video-and audioconferencing relative to face-to-face interaction. Thus, the remote participants' media perceptions are likely to be less positive than those reported by their co-located counterparts. In other words, the perceptions of co-located members will be affected by their faceto-face interaction (which will have higher social presence) and their remote interaction. Hence, co-located perceptions are likely to be more positive.
Social identity theory argues that individuals in a group incorporate the group's social identity with their self-identities (Hogg, 1992) . The group possesses its own group social identity and an individual's perception of this social identity becomes a construct that provides the individual with a sense of self. Self-categorization influences the process of assimilating social identity. Selfcategorization theory (Turner, 1985) argues that as people learn the norms of certain categories or groups of others, they define themselves as members of the group by conforming to the group's norms.
The salience of these theories to the current study is that people discover a group's norms through observation and interaction. Discovery will be diluted to the extent that the medium filters the interaction. In the present context, because their interaction is fully face-to-face, the co-located members are expected to identify and integrate external norms rapidly. In contrast, remote participation is more constrained. So, remote members will be slower to discover norms. Therefore, we expect they will take longer to begin identifying with and feeling like they are a part of the group.
In summary, reduced communication channels for the remote participants relative to their co-located counterparts imply that remote participants will feel less salience from the group and will feel less a part of the group. Hence, they will be likely to report less social presence and less effective communication than co-located members. These hypotheses are stated as follows:
Hypothesis 4a: Perceived social presence will be greater in the beginning for co-located members than for remote members. Hypothesis 4b: Perceived communication effectiveness will be greater in the beginning for co-located members than for remote members.
Location and Time Interaction Effects
Remote participants are likely to be at a communication disadvantage because of the limited bandwidth offered by their leaner media. However, previous research (e.g., Walther, 1995) suggests that over time, even lean media have the capacity to convey rich communication. Because all of the remote-participants' communications are mediated, they have more opportunities to adapt to the media (and adapt the media to their needs) and, in so doing, can effectively improve their perceptions of the medium. Hence, remote members may well be able to overcome any initial mediarichness-based disadvantage. The co-located members, on the other hand, are likely to spend a greater proportion of their time interacting face to face and a smaller proportion of their time communicating through the distributed channel. Thus, they will have limited exposure to the media compared to the remote participants. This exposure will not change much over the course of three sessions. Consequently, the co-located members are not likely to change their initial opinions very much. Thus we propose, Hypothesis 5a: Over time, perceived social presence will increase more for remote members than for co-located members. Hypothesis 5b: Over time, perceived communication effectiveness will increase more for remote members than for co-located members.
PERFORMANCE
We expect richer media to facilitate better communication than leaner media regarding planning and maintenance activities as well as cognitive activities (such as building a shared understanding about the facts and mutual agreement on rhetorical goals). Furthermore, we expect that, although media and communication Burke et al. / WORK GROUPS 463 perceptions for groups in leaner environments will improve over time, initial deficiencies will persist. Previous studies (e.g., Chidambaram & Jones, 1993) also suggest that whereas the addition of computer support does expand the interaction bandwidth, this addition does not necessarily generate performance improvements and, in fact, may increase the complexity of the environment, generating reduced task focus. As a result, we expect that performance differences will be media-related and can be summarized as follows:
Hypothesis 6: Video-conferencing groups will perform better than audio-conferencing groups. (All hypotheses are summarized in Table 1 .)
EXPERIMENTAL DESIGN AND PROCEDURE OVERVIEW OF EXPERIMENT
In this study, 20 groups of 4 members collaborated in writing a policy document. One person was chosen randomly from each group to be the remote participant for the duration of the three working sessions, whereas the other 3 group members worked together in the same room. The groups were randomly assigned to one of two treatment conditions: video-conferencing or audioconferencing. In addition, all group members had access to a group writing tool that provided a shared workspace where all members could simultaneously edit the document and, if they desired, enter anecdotal commentary.
The groups met a total of four times for 1 hour, 15 minutes each time. The first meeting was a training session in which all four group members were present in the same room; during this session participants iteratively viewed a demonstration video and interacted with the group editing tool. Upon completing the training session, group members were told which person would be the remote participant and to which treatment (video or audio) they were assigned. They were then given a printed description of the task and told that they should read through the task and then use the rest of 464 SMALL GROUP RESEARCH / August 1999 their allotted time to begin coordinating their efforts to complete the task.
During the rest of the sessions (called Sessions 1-3 in the rest of the article), participants arrived at their designated times and completed the experimental task. At the end of each session, previously validated questionnaires were administered to assess members' perceptions with respect to the dependent variables, social presence, and communication effectiveness (copies of these are included in Appendix D). 
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Perceptions of the Entire Group
Media effects
H1a: Computer-supported groups using video-conferencing will report more social presence in the beginning than computersupported groups using audio-conferencing. H1b: Computer-supported groups using video-conferencing will report more effective communication in the beginning than computer-supported groups using audio-conferencing. Time effects H2a: Perceived social presence will increase over time for all groups. H2b: Perceived communication effectiveness will increase over time for all groups. Time × media effects H3a: Perceived social presence will increase at a different rate for video-conferencing groups than for audio-conferencing groups. H3b: Perceived communication effectiveness will increase at a different rate for video-conferencing groups than for audioconferencing groups.
Comparison of Co-Located and Remote Members
Location effects H4a: Perceived social presence will be greater for co-located members than for remote members. H4b: Perceived communication effectiveness will be greater for co-located members than for remote members. Location × time H5a: Over time perceived social presence will increase more for remote members than for co-located members. H5b: Over time, perceived communication effectiveness will increase more for remote members than for co-located members.
Performance
H6:
Video-conferencing groups will perform better than audioconferencing groups.
COMMUNICATION MEDIA
Remote group members were placed in a separate room and could communicate with the rest of the group only through an audio-video connection (video conference) or through an audioonly connection depending on the treatment (audio conference). Communication channels were always open for all participants for all sessions. We asked participants to refrain from discussing the task outside of the scheduled sessions. Although they could have interacted outside the sessions, participants were drawn from across disciplines and randomly assigned to groups. Hence, the opportunity for interaction was minimal. During exit interviews, we gathered no evidence that such interactions occurred.
Video-conferencing. Communication between the two rooms was accomplished by directly connecting a video camera in one room to a 21-inch television monitor in the other room. Both rooms were similarly configured with a monitor and camera. The cameras were mounted near the monitors so that when participants turned toward the monitor, they were facing the camera. The camera in the room with the three group members was placed such that all three were visible to the remote individual at one time. Audio was picked up by the microphone on the camera and communicated through the speaker of the monitor.
Audio-conferencing. Audio-conferencing was accomplished by simply eliminating the video portion of the video-conferencing configuration so that there was no visual contact between the remote and co-located group members.
Shared editor. Each group used a shared group editor to write the required policy document. The Windows-based shared editor allowed all group members to simultaneously create, view, and edit the same document. Concurrency control mechanisms provided the group members with the means to coordinate their writing activities.
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EXPERIMENT ADMINISTRATION
Participants. The participants used in the study were primarily juniors, seniors, and MBA students from a large university's College of Business. A majority were "nontraditional" students; the average participant was 26 years old, with full-time work experience of 6 years and significant experience working in groups. Participants were randomly assigned to the groups, and analyses on the group composition (in terms of work experience, age, etc.) showed no a priori differences among the groups. The participants received class credit for participation as well as monetary rewards based on their group's performance, which appeared to have the desired motivational effect on the participants.
Task. This study used a complex project development task that required groups to generate, assess, select, and develop ideas relevant to, and then create, a training policy manual. According to McGrath's task circumplex, the task used here could be considered a Type 1 planning task (McGrath, 1984) . Every participant received background information pertaining to a fictitious international consulting organization of which they were to consider themselves members (see Appendix B for a copy of the task). Along with the background data, participants were given instructions describing the objectives of the task. The purpose of the policy manual was to introduce newly hired managers to the organizational culture and to the standards of practice employed throughout the organization.
Social presence and communication effectiveness measures.
Social presence and communication effectiveness were measured by administering a questionnaire at the end of each of the sessions. The instrument had been used and validated before (e.g., Burke & Chidambaram, 1994; Chidambaram & Jones, 1993) . For this study, reliability of the social presence and communication effectiveness measures had Cronbach's alphas of 0.79 and 0.85, respectively.
Task performance. Performance measures were based on the quality of the policy document completed by each group. Three reviewers evaluated each document by filling out an evaluation sheet. The evaluation sheet was used as a guide to structure their evaluation and consisted of six separate sections, each containing five Likert-scale questions. Three different reviewers completed a blind review of all 30 documents. Reliability among the three reviewers was found to be 0.76.
RESULTS
PERCEPTIONS
To test hypotheses 1 through 5, a repeated-measures ANOVA was used that tested main effects for media, time, and location and interaction effects between time and media and between time and location. The results of the statistical tests, including significance of F and power levels, are contained in Table 2 .
Hypotheses H1a and H1b predicted that social presence and communication effectiveness would differ by media during the initial sessions. As Table 2 shows, media affected social presence and communication effectiveness, with video-conferencing perceived higher than audio-conferencing. All means and standard deviations are presented in Tables 3 and 4. Hypothesis H2a, which predicted increasing social presence over time for the whole group, was supported. Similarly, hypothesis H2b, predicting that communication effectiveness would improve over time, also was supported. Communication effectiveness and social presence improved significantly from Session 1 to Session 3 (see Figure 1) . On the other hand, the rates at which perceptions improved were similar across media. Thus, hypotheses H3a and H3b, predicting an interaction between time and media, were not supported.
In summary, with regard to media and time, video-conferencing and audio-conferencing differed in the levels of perceived social presence and communication effectiveness that they generated initially. Moreover, perceptions of both also improved significantly over time. However, no differences were observed between video-468 SMALL GROUP RESEARCH / August 1999 conferencing and audio-conferencing in the way they improved: Perceptions of both improved at roughly equivalent rates. Hence, whereas hypotheses H1a, H1b, H2a, and H2b were supported, hypotheses H3a and H3b were not. Posthoc power tests (Table 2) indicate good power for the tests related to hypotheses H1a, H1b, H2a, and H2b, suggesting that the sample size (20 groups total, 10 in each treatment) was adequate with respect to media and time factors. Results of the repeated-measures ANOVA, to test for differences between remote and co-located members, also can be seen in Table 2 . Results indicate that remote and co-located members reported similar levels of social presence and communication effectiveness. Thus, there were no significant main effects between remote and co-located members for either social presence (H4a) or communication effectiveness (H4b). Despite the apparent divergence in second-session means, we did not observe any significant interaction effects between location and time for both measures. Thus, counter to our expectations, when looked at over the entire threesession time period, perceptions of remote and co-located members did not behave differently, and our results did not support hypotheses H5a and 
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PERFORMANCE
Hypothesis H6 predicted that video groups would perform better than audio groups. To test this hypothesis, a one-way ANOVA was conducted to examine if differences existed across the two treatment groups. Performance was not affected by media type. Although mean score for the video-supported groups (2.86, SD = .421) was higher than for the audio-supported groups (2.55, SD = .559), the difference was not significant.
DISCUSSION
As with any controlled experiment, the results of this study are not generalizable to all settings and populations. Although efforts were made to minimize threats to the external validity of this study, obviously the task, participants, and technologies used do not reflect all organizational situations. Nevertheless, the results of this study offer four interesting points to further our understanding of how media affect partially distributed groups.
• Audio-conferencing generates different perceptions about the media than video-conferencing, even when both are augmented with computer support.
• Over time, group members' perceptions of media do not stay constant. Rather, they change as participants gain experience working together and using the media.
• Despite relative but nonsignificant differences during Session 2, when considered overall, remote and co-located participants reported roughly equivalent levels of social presence and communication effectiveness.
SMALL GROUP RESEARCH / August 1999
Figure 3: Communication Effectiveness by Location Over Time
• More social presence and communication effectiveness do not necessarily result in better performance.
MEDIA EFFECTS ON PERCEPTIONS
Differences between media, such as those measured in this study, have been observed in various other studies (Chidambaram & Jones, 1993; Daft & Lengel, 1986; Daft et al., 1987) . However, previous studies typically have compared face-to-face meetings with video-or audio-conferencing in the absence of computer support. This study demonstrates that adding computer support to audioand video-conferencing results in similar perceptions about the media. Chidambaram and Jones found that adding computer support to a face-to-face group can reduce social presence. The type of support provided in their study, however, was an EMS, which imposed structure on the meeting process. They suggest that the reduced social presence may have been a result of that structure. In the study reported here, the computer support imposed much less structure than a typical EMS. The design of this study does not permit us to determine if social presence was reduced by the introduction of the computer support (because it was available in all sessions). However, results from Chidambaram and Jones lead us to expect that social presence will decrease more when a richer medium is augmented by computer support. Counter to expectations, the fact that video-conferencing groups rated social presence consistently higher than audio-conferencing groups suggests that less structured EMS neither enhances nor reduces social presence in audio-and video-conferencing. The differential effects of various types of computer support point to the need for researchers to discriminate among the various groupware tools when designing future studies and to compare among more types of media.
CHANGES IN PERCEPTIONS OVER TIME
Perceptions of communication effectiveness increased for all participants from the first to the final session (H2a, H2b). In contrast to the view advocated by media richness theories, results of Burke et al. / WORK GROUPS 473 this study suggest that perceptions of media characteristics do not remain constant but constantly evolve. These perceptions are likely to change as people become more familiar with a medium's capabilities and how to effectively use those capabilities. Consider that, in the first session, the groups were faced with using a communication medium with which they were unfamiliar. The audio groups communicated through a conference call that, as many of us have experienced, alters conversational patterns (such as waiting to speak, knowing when to interrupt, etc.). Over time, however, conference call participants adapted and learned to more effectively manage their interactions. Video-supported groups also adapted to their environment. Video-supported participants can see each other on the monitor, but the medium does not permit the face-to-face equivalent of direct eye contact when speaking. As the sessions progressed, the participants appeared to become more comfortable with this as well. Thus, regardless of the media constraints, users adapt to their environment and, as Walther (1992 Walther ( , 1996 suggests, use those interaction channels available to generate a meaningful shared context as time passes.
Time-based synchronization theories offer added insights to the dynamic nature of human-media interaction and attendant perceptions. For example, McGrath (1991) and Kelly (1988) suggest that, in addition to adapting to the media, members also learn to adapt to each other over time. Such increased understanding among members leads to better synchronization of behaviors and communication patterns, which, in turn, would be expected to improve perceptions of social presence and communication effectiveness. Results of this study support this explanation in a mixed-media environment.
DOES DISTANCE MATTER?
Despite the lack of statistical support for hypotheses H5a and H5b, the expectation that usage mediates perception is tentatively borne out in the case of the remote participants. Although perceptions about social presence and communication effectiveness improved over time for the group as a whole, remote members 474 SMALL GROUP RESEARCH / August 1999 reported nonsignificant, but nonetheless somewhat different, patterns of change than did co-located members. Interestingly, remote members'perceptions declined during the second session, whereas co-located members' perceptions increased during the same period. By the final session, however, both measures had increased among remote participants to a level approximately equal with colocated perceptions.
The least expected, and perhaps the most interesting, result was this differential change between remote and nonremote perceptions. Although the second-session differences were not statistically significant, for practical purposes they bear closer examination for several reasons. First, when compared to other media like e-mail or computer-conferencing, audio-conferencing is relatively close to video-conferencing in richness. Second, we obtained relatively low power values for the location test results. This could be because for each of the 20 groups, although there were three colocated observations per session, there was only one remote individual to assess. Finally, with regard to media perceptions, this study is somewhat exploratory, inasmuch as no media studies have examined partially distributed groups in this context. Taken together, these factors suggest that studying media that are more dissimilar with a larger sample size could reproduce the differential trends we found in Session 2 but with more robust results. In any case, the results are interesting, and we explore them more fully here to better advise future research.
On the face of it, that remote people would report the same levels as co-located members for social presence and communication effectiveness in the first session seems puzzling. After all, according to social presence theory, remote interaction is considerably more constrained than co-located interaction and according to media richness theory less suitable for an ambiguous task.
We can make sense of these results, however, by pursuing the contingency perspective inherent in media richness theory-that is, the appropriateness of fit between the task and the medium (Daft et al., 1987) . For instance, although media differ (see H1a and H1b), they may be less or more appropriate vehicles for supporting activities at different junctures of the task. Put another way, at one time during a task, groups may need to resolve fairly straightforward issues; at another time, they may need to resolve more complex and ambiguous issues. Using the same media at both times probably means either using richer media than necessary for the less ambiguous activities or having leaner media than required for the more ambiguous activities.
Consider that, in Session 1, groups are determining facts and setting up procedures, followed by brainstorming and writing. Depending on how motivated they are to produce the "perfect" document, their level of commitment to an idea may not be acute. In other words, members may accept things they disagree with fairly readily in the beginning, because there are two more sessions available to work out any differences which might turn out to appear important. Thus, the initial "organizing" and earlier content-related activities do not require extremely rich media, and either video-or audio-conferencing is sufficient.
During the second session, however, something happened that left remote participants feeling less satisfied with the media, although not affecting the co-located participants. Media richness theory suggests that a change may have occurred in the fit of the information requirements relative to the medium available. Groups may have encountered some problems or issues that were more complex than earlier issues and for which the conferencingcomputer support combination was inadequate. If we consider the task, the timing, and the process, we may better understand the phenomenon.
For instance, transcripts of the sessions indicate that for most groups there were long periods without interaction, as members worked in parallel. From time to time, however, they did need to stop and review the situation. Thus, long periods of noninteraction were interspersed with short periods of comments and questions aimed at reviewing their progress. The beginning of Session 2 is a natural point to reevaluate what went on in the first session. Thus, one would expect members to question points written up during the first session and to spend time clarifying and justifying their ideas. These exchanges would likely be less straightforward than the earlier factual and procedural discussions. Consequently, the same medium used in the first session would appear less suited to the requirements in Session 2 discussions.
Because it marks the halfway point in the process, the second session may also play a pivotal role in the timing of activities. Gersick (1989) found that groups engaged in a task over time encounter a midpoint crisis that often generates a radical change of direction, a phenomenon she refers to as "punctuated equilibrium." After an initial period of organizing and getting started, groups gain a kind of momentum in a direction and tend to maintain that momentum, regardless of whether it is appropriate to the objectives. At the halfway point in the task, however, members reevaluate their progress in light of the time remaining. From this reevaluation a new pattern of activities with new timing and pacing typically emerges.
The key trigger appears to be the fact that members perceive that their time is half gone, and if they need to make adjustments to their method, timing, and so forth then they need to do it now rather than later. In the current study, such an effect could have placed additional pressure on participants to make sure their progress was sufficient and that the document's content was adequate. At this point, concern would be even greater that the group is on the right track, because little time remains in which to make any substantial adjustments. Hence, this type of transition would likely require more complex interaction than required for earlier activities. Remote members, experiencing a leaner medium than their co-located members, would be more likely to become frustrated with the medium when faced with this midpoint pressure. Just as we observed in this study, second session perceptions of social presence and communication effectiveness would be expected to drop, reflecting remote members' dissatisfaction with the medium, given the added interaction requirements.
For example, during the second session, the exchange in one group became fairly tense. The remote person asked a question, and the three co-located members, all busy writing and probably not wanting to be interrupted, ignored the question. The remote person asked it again and was again ignored. At this point, the remote person made a remark with a relatively critical tone. Despite the attempt by one co-located member to defuse the situation with a Burke et al. / WORK GROUPS 477 joke, the exchanges were rather tense and terse for much of the remainder of the session; although toward the end, the tone of interaction appeared to have mellowed. The behavior in this example is consistent with the notion that the midpoint introduces an "urgency" to make sure members are on track. The sense of urgency generates the need for reclarification of objectives and methods, hence requiring more and more complex interaction than prior sessions.
After resolving the midpoint crisis and establishing appropriate direction for the final stages, in the current task work would probably revolve primarily around writing. Some interaction is needed toward the end to discuss any integration issues and final touches. Later-stage communication, however, would most likely be collaborative and simple rather than confrontational or complex, because not much could be done about any serious issues. Hence, a lean medium would be sufficient for the final interactions and remote members would once again be as satisfied as co-located members with the performance of medium.
There are other important factors to understand besides perceptions and performance. For instance, member satisfaction, cohesion, and group maintenance are developmental issues that all groups face (McGrath, 1991) . The fact that as time passes, perceived communication effectiveness and social presence improvefor remote as well as co-located members-suggests that developmental factors also may change over time, regardless of location. For instance, Walther (1992 Walther ( , 1995 argues that indeed relational dimensions of group interaction can thrive during long-term CMC. A common perspective suggests that groups undergo stages of development. Thus, for instance, the discordant second-session interaction described above may have been part of a "storming" developmental period. In view of this, we would expect that future research would find perceptions of cohesion and conflict rising and falling over time, even with remote members, as partially distributed groups pass through the various stages of development.
Given our observations of a second-session drop-off in communication effectiveness, however, it seems reasonable to expect that remote participants may be likely to also exhibit less perceived cohesion than co-located members at some stages in the maintenance process. Hence, an informed task-media fit perspective suggests that augmenting interaction with richer media at those junctures may facilitate coping with increases in both task-related and social complexity at the same time.
On the other hand, overall, remote people coped nicely with the situation. As we said earlier, perhaps the media studied are not so different and, relative to the current task, were sufficient for the interaction required. It may also be that presentation of one's thoughts via a shared editor provides implicit communication. Collaborative writing with a shared group editor affords a forum for people to communicate explicitly, by writing messages to other group members in the shared workspace, and implicitly, by stating their perspective through their direct contributions to the shared document. Hence, members can use the "real-time" writing to form impressions about others in the group. In the context of social identity and self-categorization theories presented earlier, the computer support provides an additional channel for all members, but especially for remote members, to exchange context-building communication. The text offers clues about members that the remote participants can use in discovering and evaluating the group's social identity. Hence, our failure to observe any differences in important developmental structures like social presence and communication effectiveness may result from the addition of computer support. In other words, computer support may have compensated for whatever primary-channel deficiencies remote members experienced.
DIFFERENCES IN PERCEPTIONS AND PERFORMANCE
As expected, social presence and communication effectiveness were significantly higher for video than for audio groups (H1a and H1b). In other words, higher-bandwidth media were perceived as more effective, even when augmented with computer support. Despite such differences in perceptions, however, performance did not differ (H6). Communication effectiveness does not necessarily lead to performance effectiveness. However, in a complex task like the one used here, in which multiple activities need to be agreed on, Burke et al. / WORK GROUPS 479 coordinated, carried out, then integrated, effective communication is requisite for effective performance. Thus, although participants felt that richer media were more effective, the greater communication effectiveness did not generate differences in performance. The nature of the task and the addition of computer support may help explain this paradox.
Collaborative writing in the absence of a shared editor usually proceeds either serially (with each group member working on the document in turn) or by breaking up the document into pieces, to be worked on individually. If individuals are working on separate pieces, they usually have to communicate to avoid contradicting each other, missing major points, or generating redundant output. Coordination problems like these are reduced somewhat through the use of a shared editor (Olson, Olson, Storresten, & Carter, 1992) . For example, the implicit nature of collaborative writing that we described earlier may reduce the need for spoken communication in dealing with coordination efforts. Olson et al. found that groups using a shared editor talked less than groups without a shared editor. Hence, in collaborative writing, the use of a shared editor may reduce the need for communication via other media (Olson et al., 1992) .
In this study, a shared group editor was used by each group in addition to audio or video communication. This shared editor provided another means of communication beyond the audio and video media. Although the groups did not typically use the shared workspace as a means of communicating about the task, they certainly used it to complete the task. Each person could easily see what the others were writing as soon as the text was submitted to the shared workspace (most people wrote in fairly small chunks, so the document was updated frequently). This type of computer support keeps everyone aware of what others are working on. As results of this study show, such direct support of the task may offset performance differences across users of different media. In other words, supporting groups with a collaborative writing tool may moderate performance differences between groups using traditional communication media-such as audio-or video-conferencing-by offering a different channel of communication.
due to the limitations of their channels of interaction. Although perceived social presence and communication effectiveness improve over time, it may be wise to have partially distributed groups work on less contentious tasks until they learn to use the media more effectively. Alternatively, augmenting remote interaction with video support at times during the process, when complex interaction is more likely (for instance at the midpoint), and using audio support during other stages, may help prevent conflict and reduce costs without compromising performance. Further research with various combinations of tasks, media, and member location is needed to more fully understand how best to support partially distributed groups.
APPENDIX A GLOBAL ASSOCIATES, INC. (GAI) Task Background
Global Associates, Inc. is a multinational consulting firm that specializes in helping large U.S. firms establish their first international operation. Their consultants are experts in a variety of multinational business areas such as marketing, finance, and international strategy.
Global Associates, however, is unique in the area of international consulting because of their expertise in cultural awareness training. A large number of Global Associates' clients are from the United States. In the course of operations, however, GAI has also established and maintained commercial and political connections in many Pacific Rim countries.
Consultants work in teams and all have considerable management education and experience. Teams are formed such that each member, in addition to their general background, also brings some specialized functional skills to the team. For example, if the team manager determines that a critical concern for the client will be the establishment of a marketing strategy appropriate for a specific market, then a consultant with the necessary marketing knowledge is assigned to that team. Similarly, if a situation exists requiring sophisticated financial expertise in a foreign country, the team manager will acquire a financial expert for the consulting team. who demonstrate cultural sensitivity. All consultants are required to take a series of cultural awareness courses and follow up with periodic refreshers. Mr. Robertson feels that the failure of many U.S. companies in countries such as Hong Kong, Japan, and Taiwan is primarily due to their failure to understand the customs and cultural practices of the countries in which they operate. To provide the necessary cultural expertise for all of their clients, GAI trains its consultants in various international customs and cultures.
Integrity:
One of the major problems that foreign investment consulting firms face is a negative public image. Several cases have been publicized recently suggesting that the entire industry engages in unethical business practices. These alleged practices range from fraud to the use of payoffs to governments in foreign countries to get a "foot in the door" for their client.
In countries where it is traditionally "accepted" to do business in such a way, GAI seeks ethical solutions to the logistical and political problems that confront client firms. GAI has discovered that a better understanding of local cultural practices usually provides legal and ethical alternatives to improper practices.
Fairness:
A central belief at Global Associates is that every customer has the right to be treated with respect and be given the service they want at a fair and reasonable price. GAI senior management will not compromise on this essential value. If a client does not feel they were treated fairly, Global Associates will do WHATEVER it takes to set things right with that client. Consequently, Global Associates enjoys an excellent reputation and is an industry leader in revenues.
The Problem:
Because of the growing number of clients, Global Associates has stepped up hiring and training of consultants. More team managers must be hired to supervise the growing staff. Team managers must have excellent educational credentials and work references before they are considered for hire. To obtain managers with the necessary experience, GAI is forced to hire candidates from other firms whose objectives, standards, and overall corporate cultures are frequently very different from those at Global Associates. Global's main concern in this context is that entering team managers must be made aware of the importance of conducting business in accordance with the values and philosophy of the company.
APPENDIX D: Judges' Evaluation Form
Global Associates Inc. Policy Orientation Document Please evaluate each segment of the document on each of the four criteria presented here. You do not need to total anything; just check the appropriate boxes and return the completed form to _______. 
